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Description 

[0001] The present invention relates to a particulate trap for trapping and removing particulates such as carbon 
contained in diesel engine exhausts according to the preamble of claim 1 . 

[0002] Exhaust gases from automobiles are a major cause of air pollution. It is therefore of extreme importance to 
develop a technique for removing noxious components in exhausts. 

[0003] In particular, it is most urgently required to develop a technique for removing particulates components in diesel 
engine emissions, which are mainly made up of NOx and carbon. 

[0004] To remove such noxious components in exhausts, Unexamined Japanese Patent Publication 58-51235 pro- 
poses to provide an exhaust trap in an exhaust line to trap any noxious components and remove them by after-treat- 
ment. Other conventional exhaust purifying means include various improvements in the engine itself such as exhaust 
gas recirculation (EGR) systems and improved fuel injection systems. But none of them can be a decisive solution. As 
of today, after-treatment methods are considered more practical as exhaust purifying means. Rigorous efforts are now 
being made to develop after-treatment type exhaust purifying systems. 

[0005] It is required that particulate traps for trapping particulates contained in diesel engine emissions satisfy all of 
the following requirements. 

1) Particulate trapping capability 

[0006] A particulate trap has to be capable of trapping particulate with such high efficiency that exhausts are purified 
to a satisfactory degree. It is considered necessary to trap an average of at least 60% of the particulates contained in 
diesel engine emissions, though the amount of particulates contained in exhausts depends upon the displacement of 
the diesel engine and the load applied. 

[0007] Airborne particulates 2 u/n or less in diameter can enter human alveoli and reportedly trigger lung cancer. It 
is thus necessary that particulate traps be capable of efficiently trapping such small suspended particulates. 

2) Pressure drop 

[0008] The particulate trap has to be capable of keeping the pressure drop in exhaust gases to a minimum. If it 
causes a large pressure drop, a back pressure will act on the engine, aggravating the fuel economy. Thus, it is necessary 
that the particulate trap have a small initial exhaust pressure drop (when no particulates are trapped). As it traps 
particulates, its filter tends to be clogged with the trapped particulates, so that the pressure drop will increase gradually. 
It is necessary to keep the pressure drop to a minimum even after it has trapped a large amount of particulates. 

3) Regeneration 

[0009] The third requirement is that the trap can be regenerated at low energy cost. This is because the particulate 
trap has to be regenerated or recycled many times for repeated use by burning trapped particulates. An electric heater 
or a light oil burner is considered as a feasible means for burning off particulates. 

4) Durability 

[0010] Fourthly, the trap has to be sufficiently durable. It has to be highly resistant to corrosion when exposed to hot 
exhaust gases and to heat shocks produced while burning particulates. 

5) Integration with a catalytic converter 

[0011] Further, it is necessary to provide a catalytic converter integral with the trap. In order to remove noxious gas 
components in exhausts, a catalytic converter carrying a noxious gas removing catalyst may be provided in an engine 
exhaust line. If it is desired to further provide a separate particulate trap in the same exhaust line, there may be no 
available mounting space in the exhaust line. Also, the cost for separately providing such two different kinds of after- 
treatment type exhaust purifying systems tends to be rather high. 

[0012] One of the existing filter element materials that satisfy the above-listed requirements is a wall-flow type, hon- 
eycomb porous member made of cordierite ceramics. It is considered the most practical. 

[0013] But this filter has several problems. One problem is that particulates tend to collect locally. Another problem 
is that, because of low thermal conductivity of cordierite ceramic, this filter tends to develop heat spots during regen- 
eration. As a result, the fitter may melt or crack due to thermal stress. Such a filter is not durable enough. Unexamined 
Japanese Patent Publication 4-265411 proposes to uniformly heat a ceramic foam filter by optimally arranging regen- 
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erating heaters. But in this arrangement, the filter supporting portion is relatively small, so that its durability is not so 
high as a honeycomb porous filter when subjected to vibration or exhaust pressure. A ceramic fiber trap made by 
forming ceramic fibers into a candle shape is gaining much attention these days. But this trap is not sufficiently durable 
either, because the fibers forming the trap tend to be broken due to reduced strength when exposed to high4emperature 
5 exhaust gases. 

[0014] Metal traps (as disclosed in Unexamined Japanese Patent Publications 6-257422, 6-294313, 7-731 and 
7-51522) are now considered more promising, because they are high in thermal conductivity, less likely to develop 
heat spots and cracks and highly corrosion-resistant in high-temperature exhausts. 

• [0015] We will discuss problems of conventional metal traps in connection with the abovementioned requirements 
10 1)-5). 

[0016] Conventional metal traps basically satisfy the requirements 1 ) and 3). But as to the capacity of trapping sus- 

• pended particulates 2 ujti or less in diameter in the requirement 1), higher performance is desired. 

[0017] As to the requirement 2), conventional metal traps can cause a marked pressure drop after trapping particu- 
lates. If an especially low engine back pressure is required, these traps will be unsatisfactory. In order to minimize the 
is pressure loss even after the filter element has trapped a large amount of particulates; the filter element has to have a 
large surface area (filtering area). But in order to increase the filtering area of a conventional metal trap filter element, 
it is necessary to use an extremely targe trap. 

[0018] In connection with the requirement 4): the filter element of a conventional metal trap is deformed microscop- 
ically due to the pressure of exhausts introduced, and can be destroyed due to a stress resulting from the microscopic 

20 deformation. Also, since the trap is mounted in the exhaust line, its filter element is vibrated together with the trap, 
which may result in the destruction of the filter element. These problems are observed in harsh endurance tests. 
[0019] As to the requirement 5), it is sometimes necessary to integrally provide a catalytic converter on a conventional 
metal trap. For example, a catalyst may be integrally carried on a wall-flow type, honeycomb porous member made of 
a cordierite ceramic, which was originally developed as a DPF. In such a case, it may be difficult to heat the catalyst 

25 to a temperature at which it acts because the honeycomb porous member, having a large heat capacity, is slow to heat 
up. 

[0020] Further prior art is a filter material made of unwoven fabric formed of metal fiber (EP 0 640 382 A1). 
[0021] An object of the present invention is to provide a particulate trap which is free of all the above problems and 
which satisfies all the requirements 1)-5). 
30 [0022] This problem is solved by the charactering part of claim 1 . 

[0023] The reinlorcing members provided at both ends of the filters may have protrusions and recesses that engage 
both ends of the filters. 

[0024] The reinforcing members provided in the exhaust outgoing and/or incoming spaces may be used in combi- 
nation with the reinforcing members provided at both ends of the fitters. 
35 [0025] The reinforcing members have to have larger pores than the filters. Also, they should be as light in weight 
and small in heat capacity as possible. Thus, they are preferably made of a heat-resistant metal having a material 
filling rate of 30% or less, in the form of a three-dimensionally reticulated porous member such as form, wire gauze, 
metal fiber unwoven fabric such as felt and so on, corrugated sheet or punching metal. 

[0026] As a heat-resistant metal, it is preferable to select a metal that will not deteriorate when exposed to exhaust 
40 gases at 700° C for 100 hours, such as a metal containing Fe, Ni or Co with Cr and/or Al added. Depending upon the 

kind of the diesel engine or the conditions of use, higher heat resistance may be needed. Thus, it is preferable to use 

an Fe-Cr-AI or Ni-Cr-AI alloy, because these alloys will not deteriorate when exposed to exhaust gas at 800°C. 

[0027] The filters may be made of a heat-resistant metal such as an Fe-Cr-AI or Ni-Cr-AI alloy. In order to keep the 

filter element from the influence of stress resulting from a difference in thermal expansion when burning particulates 
45 tor regeneration, the reinforcing members and the filters should be made of the same kind of metal or of metals having 

similar thermal expansion coefficients. Fe-Cr-AI and Ni-Cr-AI alloys are preferable in this regard, too. 

[0028] More preferably, the following unwoven fabrics are used. 

(1) 0.5-mm-thick unwoven fabrics of metal fibers having fiber diameter of 40 on the exhaust inlet side and 30 
so jtm on the exhaust outlet side, for cylindrical filters 35 mm or less in diameter 

(2) 1 0-mm-thick unwoven fabrics of metal fibers having fiber diameter of 30 ujti on the exhaust inlet side and 20 
u/n on the exhaust outlet side, for cylindrical filters 35 mm - 70 mm in diameter 

(3) 1 .5-mm-thick unwoven fabrics of metal fibers having fiber diameters of 20 ujti on the exhaust inlet side and 1 5 
ujti on the exhaust outlet side, for cylindrical filters 70 mm - 105 mm in diameter 

55 

[0029] In order to efficiently catch suspended particulates, alumina whiskers may be grown on the surface of the 
heat-resistant metal fiber substrate forming each filter of any of the above filter elements. 

[0030] Catalysts may be carried on the filters of any of the abovementioned fitter elements to provide a particulate 
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trap having the function as a catalytic converter. The catalysts may be carried on one or both sides of the filters made 
of unwoven fabrics of heat-resistant metal fibers, or may be carried on three -dimensional ly reticulated porous members 
made of a heat-resistant metal provided on one or both sides of the unwoven fabrics with continuous pores. 
[0031] The particulate trap according to the present invention has a filter element comprising a plurality of filters 
made of unwoven fabrics of metal fibers, the filters defining alternating, longitudinally extending exhaust incoming 
spaces and exhaust outgoing spaces between the adjacent filters, the exhaust incoming spaces having their outlet 
ends closed, and the exhaust outgoing spaces having their inlet ends closed. Simply by reducing the spaces between 
the flat filters, it is possible to considerably increase the filtering area without increasing the size of the trap. 
[0032] The filter reinforcing members inserted in the exhaust outgoing spaces or provided at both ends of the filters 
are permeable to exhausts and have a very low metal filling rate compared to the filter element. An additional pressure 
drop is thus kept to a minimum by the addition of the reinforcing members. 

[0033] Even if filters having small pore diameters are used to improve the particulate trapping efficiency, they will be 
less likely to clog because the filtering area is large. The pressure drop is thus kept to a minimum. 
[0034] The reinforcing members prevent any small deformation of the filters due to the pressure of exhausts that 
pass through the particulate trap. Since the filters are not deformed, no stress will act thereon. The filter element is 
thus less likely to be destroyed, so that its durability improves. 

[0035] The filters are deformed due 1o a difference between the pressures upstream and downstream of each filter 
in such a way that the exhaust outgoing spaces bulge into a moderately curving shape, while the exhaust incoming 
spaces shrink correspondingly. Thus, by inserting reinforcing members in the exhaust outgoing spaces to fill the entire 
area of the exhaust outgoing spaces, it is possible to effectively prevent the deformation of filters. 
[0036] By providing reinforcing members both in the exhaust incoming and outgoing spaces, they prevent the de- 
formation of the filters in the direction perpendicular to the filter surfaces, due to vibration of the filters. Since the filters 
are not deformed, no stress will act thereon. The filter element is thus less likely to be destroyed, so that its durability 
improves. The filters are vibrated or deformed in a direction perpendicular to the filter surfaces so that the exhaust gas 
incoming and outgoing spaces will alternately bulge and shrink. Thus, by inserting the reinforcing members in the 
exhaust incoming and outgoing spaces so as to fill the entire area of the exhaust incoming and outgoing spaces (claim 
4), it is possible to effectively prevent the deformation of the filters. 

[0037] By supporting the filter ends with the reinforcing members, the filters can be supported at both ends. The 
filters are thus less likely to vibrate and thus less likely to suffer fatigue failure resulting from vibration. By using all of 
the abovementioned reinforcing members in combination, it is possible to suppress both vibration and deformation of 
the filters and thus to greatly improve the durability of the filter element. 

[003SJ By using reinforcing members low in material filling rate and having larger pores, it is possible to prevent 
excessive pressure drop due to the clogging of the reinforcing members and thus to prevent any bad influence on the 
particulate trapping properties. Also, by using reinforcing members having a low metal filling rate, it is possible to reduce 
the weight and heat capacity of the particulate trap. Also, such reinforcing members will scarcely increase the energy 
for regeneration. 

[0039] A stress applied to a thin cylindrical shell member due to external pressure is proportional to the radius of the 
cylindrical shell. Thus, the larger the radius of the cylindrical shell, the more it is likely to buckle (the stress that causes 
buckling of the cylindrical shell is proportional to the first to third power of its radius) of the cylindrical shell). 
[0040] In an arrangement in which the pore diameter of the filter element decreases gradually from the exhaust inlet 
side to outlet side, it is possible to trap particulates uniformly over the entire thickness of each filter, so that the exhaust 
pressure is less likely to drop. The pressure difference life is thus prolonged. 

[0041] In an arrangement wherein the spaces between the adjacent filters are 10 mm or less wide, it is possible to 
improve the particulate trapping efficiency without increasing the size of the trap, because the smaller the spaces 
between the filters, the larger the filtering surface area. 

[0042] In an arrangement wherein a catalyst is carried on one or either side of each filter made of a unwoven fabric 
of heat-resistant metal fibers, or in an arrangement in which a catalyst is carried on a three-dimensionalfy reticulated 
porous member in the form of a heat-resistant metal framework having continuous holes and provided on one or either 
side of the unwoven fabric of heat-resistant metal fibers, the particulate trap acts as a catalytic converter as well. Since 
the catalysts are carried on metal substrates having a low metal filling rate and thus a low heat capacity, the catalysts 
can be heated quickly to the temperature at wh ich the catalysts act. 

[0043] By growing alumina whiskers on the surface of the filters made of heat-resistant metal fibers, it is possible to 
sufficiently reduce pores in the filters. Such filters can trap suspended particulates with diameters of 2 pun and under. 
[0044] If the surface on which the alumina whiskers are grown is used to carry a catalyst, such alumina whiskers will 
serve to increase the area of this surface. 

[0045] By providing reinforcing members both in the exhaust incoming and outgoing spaces, they prevent the de- 
formation of the filters in the direction perpendicular to the filter surfaces, due to vibration of the filters. Since the filters 
are not deformed, no stress will act thereon. The filter element is thus less likely to be destroyed, so that its durability 
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improves. The filters are vibrated or deformed in a direction perpendicular to the tilter surfaces so that the exhaust gas 
incoming and outgoing spaces will alternately bulge and shrink. Thus, by inserting the reinforcing members in the 
exhaust incoming and outgoing spaces so as to fill the entire area thereof. 

[0046] Other features and objects of the present invention will become apparent from the following description made 
5 with reference to the accompanying drawings, in which: 

Fig. 1 A is a perspective view of a filter element on which the improvement according to the present invention is to 
be made; 

Fig. 1 B is a vertical sectional view of the same; 
w Fig. 2A is a perspective view of another filter element on which the improvement according to the present invention 

is to be made; 

Fig. 28 is a vertical sectional view of the same; 

Fig. 3A is a perspective view of still another filter element on which the improvement according to the present 
invention is to be made; 
is Fig. 3B is a vertical sectional view of the same; 

Fig. 4 is a sectional view of an embodiment of the filter element for the. particulate trap according to the present 
invention; 

Fig. 5-9 are sectional views of other embodiments; 

Fig. 10 is a schematic view showing alumina whiskers grown on the filter framework; 
20 Fig. 1 1 is a enlarged view of a filer section; 

Fig. 12 is a schematic view of a property evaluation experiment device; 

Figures 1 3A to 14B show schematic views of embodiments of filter elements not having the features required by 
the invention. 

Figures 1 5 is a graph showing the relationship between the maximum stress and the filter radius for Specimens J 
25 and K; and 

Fig. 16 is a graph showing the relationship between the maximum stress and the filter radius for Specimens Land M. 

[0047] Figs. 4-7 show embodiments of the filter element for use in the particulate trap of the present invention. These 
filter elements are the same as the filter elements 1 , 11 and 21 shown in Figs. 1-3 except that reinforcing members 
30 are added. 

[0048] The filter element 1 shown in Fig. 1 comprises a plurality of flat filters 5 arranged in parallel, end plates 6 
alternately closing the inlet and outlet ends of the spaces between the adjacent filters 5, and liners 7 (which may be 
integral with the end plates 6) closing both sides of the spaces. The filters 5, end plates 6 and liners 7 define, in 
cooperation, alternating exhaust incoming spaces 3 and exhaust outgoing spaces 4. 
3S [0049] The filter element 11 shown in Fig. 2 comprises a plurality of untapered column-shaped (cylindrical in the 
example shown) filters 8 analogous in section with different diameters and arranged concentrically with each other, 
and end plates 6 alternately closing the inlet and outlet ends of the spaces between the adjacent filters, thereby defining 
the alternating exhaust incoming spaces 3 and exhaust outgoing spaces 4. 

[0050] The filter element 21 shown in Fig. 3 comprises a plurality of tapered column-shaped (conical in the example 
40 shown) filters 8 having different diameters from one another and arranged concentrically with the adjacent ones directed 
in opposite directions to each other so that the adjacent filters are connected together at their respective one and the 
other ends. The filter element has a zigzag section as a whole, as shown in Fig. 3B, with the alternating exhaust inlet 
spaces 3 and exhaust outlet spaces 4 defined between the adjacent filters 9. 

[0061] The filters of each of the filter elements 1 , 11 and 12 are made of unwoven fabrics of metal fibers. To reduce 
45 the size of the entire trap and to efficiently regenerate the filters, the width of the spaces 3, 4 between the adjacent 
filters is preferably 1 0 mm or less. 

[0052] The filter element of the embodiment shown in Fig. 4 may be any of the filter elements 1 , 1 1 and 21 (though 
only the filter element 1 is shown in Fig. 1). It has air permeable reinforcing members 2-1 inserted in the exhaust 
outgoing spaces 4 to support the filters opposite to each other on both sides of each space 4. 
so [0053] The filter element shown in Fig. 5 has reinforcing members 2-2 at both ends thereof. They have protrusions 
and recesses that engage both ends of the filters. 

[0054] The filter element shown in Fig. 6 has both the reinforcing members 2-1 and 2-2 shown in Figs. 4 and 5. 
[0055] The filter element shown in Fig. 7 has the same filters as those shown in Fig. 3, or has filters formed by 
bending flat filters in a zigzag manner so that they have the same section as the filters shown in Fig. 3B. Both sides 
55 of the spaces between filters are closed by liners. Reinforcing members 2-2 are provided at both ends of the filter 
element. 

[0056] The filter elements shown in Figs. 5, 6 and 7 have their filters in engagement with the recesses and protrusions 
of the reinforcing members 2-2 by arranging the dead ends of the spaces 3 and 4 in a staggered manner. But by using 
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reinforcing members 2-2 having a suitable shape, it is possible to stably support the fitters by bringing the filters into 
engagement with the protrusions and recesses of the reinforcing members without the need to stagger the dead ends 
of the spaces 3 and 4. 

[0057] The filter element of the embodiment shown in Fig. 8 may be any of me filter elements 1,11 and 21 (though 
only the filter element 1 is shown). It has air permeable reinforcing members 2-1 and 2-3 inserted in the exhaust 
incoming spaces 3 and exhaust outgoing spaces 4, respectively, to support the filter element. The filter element shown 
in Fig. 9 is the same as the filter element shown in Fig. 8 with the reinforcing members 2-2 further added thereto. 
[0058] The reinforcing members 2-1 and 2-2 should be formed from a metal that will not deteriorate even when 
exposed to 700°C exhaust gases for 100 hours. Such metals include Fe-Cr-AI alloy and Ni-Cr-AI alloy, which are also 
used as filter materials. Considering the pressure difference produced between upstream and downstream of the filters, 
the reinforcing members should have a strength enough to withstand the pressure of 0.3 kg/cm 2 at 700°C. For this 
purpose, the metaJ filling rate cannot be reduced below a certain point, though this point depends on the kind of the 
metal used. The reinforcing members may be formed from a three-dimensionaliy reticulated porous member having a 
packing density of 30% or less, wire gauze, unwoven metal fabric, punching metal or corrugated sheet. If a corrugated 
sheet is used, the volume of a rectangular space in which the sheet fits tightly is regarded as the volume of the sheet. 
[0059] The reinforcing members 2-3 are also formed from a three-dimensional ly reticulated porous member having 
a packing density of 30% or less, wire gauze, unwoven metal fabric, punching metal or corrugated sheet having a filling 
rate not exceeding 30%. If a corrugated sheet is used, the volume of a rectangular space in which the sheet fits tightly 
is regarded as the volume of the sheet. 

[0060] As shown in Fig. 1 0, the filters may be made of meshed fibers (FB) with numerous fine alumina whiskers 401 
added thereto to form multiplicity of minute pores. 

[0061] Fig. 11 is an enlarged view of the filters 1, 11 21. They may comprise a particulate trapping layer 301 made 
of a filter material, and a plurality of catalyst-carrying layers (such as layers 302 and 303). 
[0062] The embodiments are described in more detail. 

[0063] Fig. 12 shows an experiment device for evaluating the particulate trapping efficiency, the pressure drop when 
trapping particulates and the durability. This device comprises a 3400-cc, four-cylinder, direct-injection diesel engine 
car, a chassis dynamometer, and a dilution tunnel. 

[0064] This device shown in Fig. 12 was also used to evaluate the purifying rates for NO and SOF, which we will 
describe later. 

EXPERIMENT 1 

[0065] The following three kinds of specimens were prepared. 

A: fitter element of Fig. 4 having the reinforcing members 2-1 inserted in the exhaust incoming spaces 4 of the 
filter element of Fig. 1 (Example of the invention) 

B: filter element of Fig. 1 without reinforcing members (Comparative Example) 

I: honeycomb filter element considered to have a sufficient particulate trapping capacity (made of cordierite, Japan 
Gaishi. PHC-221) (Comparative Example). 

[0066] Table 1 shows more detailed data on these specimens. Specimen I has a volume of 2.5 liters, which is the 
same as Specimens A and B. 

[0067] The reinforcing members used in Specimen A are formed by Ni-Cr-AI-alloying an Ni-based, three-dimension- 
ally reticulated porous material (trade name: cermet #1) made by Sumitomo Electric Industries, Ltd. 
[0068] Particulate traps 10 formed by placing these specimens in cases are mounted in the device shown in Fig. 12 
to check how the filter elements were destroyed when high -temperature exhausts are passed for a long time. The 
results are shown in Table 3. 

[0069] Specimens A and I were not destroyed. Specimen B was destroyed. 

[0070] Next, we evaluated their durability during regeneration. After 15 g of particulates in diesel engine exhausts 
have been trapped, electric heaters provided so as to face all of the particulate trapping surfaces of the filters were 
tuned on to burn the trapped particulates, while keeping the engine idling so that exhaust gases at600°Care introduced 
into the trap. This regeneration test was conducted five times for each specimen, and then they were checked how 
they were destroyed. The results are shown in Table 4. 

[0071] Specimens A and B were not destroyed, Specimen I suffered cracks. We also evaluated the particulate trap- 
ping capacity, and trapping properties such as increase in the pressure difference (pressure drop) after particulates 
are trapped. But no significant difference in these properties was observed among these three specimens. 
[0072] From these experiment results, it is apparent that only the Embodiment A of the invention attained satisfactory 
results in all of the particulate trapping properties, durability and regeneration properties. 
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EXPERIMENT 2 

[0073] The following Specimens C and D, and the Specimen I used in Experiment 1 were prepared. 

C: filter element similar to the filter element of Fig. 1 (the positions of the dead ends of the spaces are partially 
varied) with the reinforcing members 2-1 inserted in the exhaust gas outgoing spaces 4 and the reinforcing mem- 
bers 2-2 provided at both ends so that it has the same sectional shape as shown in Fig. 6 (Example of the invention) 
D: filter element which is the same as Specimen C except that it has no reinforcing members (Comparative Ex- 
ample) 

[0074] Table 5 shows detailed data on these specimens. Table 6 shows the detailed data on the reinforcing members 
* 2-1 and 2-2 used in Specimen C. 
[0075] Table 7 shows the results of an endurance test conducted for each specimen in the same manner as in 

is ^6] Rl ^articulates trapped were burned for regeneration under the same conditions as in EXPERIMENT 1 to eval- 
uate the durability of each specimen during regeneration. The results are shown in Table 8. 

[0077] As will be apparent from Tables 7 and 8, Specimen D was poor in durability, while Specimen I was poor in 
the results of the regeneration test. In contrast, the specimen according to the invention (Specimen C) was superior 
both in durability and regeneration properties. As for the particulate trapping properties, all of the specimens achieved 
20 good results. No significant difference was observed among the specimens. 

EXPERIMENTS 

[0078] The following Specimens E and F and the abovementioned Specimen I were prepared. 



25 



E- filter element comprising, similar to the filter element of Fig. 2, concentrically arranged cylindrical filters having 
different diameters, with the reinforcing members 2-1 inserted in the exhaust gas outgoing spaces 4 and the rein- 
forcing members 2-2 provided at both ends, so that the filter element has the same sectional shape as shown in 
Fig. 6 (Example of the invention) 
30 F: fitter element which is the same as Specimen E except that it has no reinforcing members (Comparative Example) 

[0079] Table 9 shows detailed data on th ese specimens. Table 1 0 shows the detailed data on the reinforcing members 
2-1 and 2-2 used in Specimen E. 

[0080] Each specimen was subjected to the same endurance test and regeneration test as in EXPERIMENT 1 . The 
35 test results are shown in Tables 11 and 12. As for the particulate trapping properties, no significant difference was 
observed among the three specimens. 

[0081] The test results are exactly the same as the results in Embodiments 1 and 2. That is, only the example of the 
invention, i.e. Specimen E, achieved good results in all of the particulate trapping properties, durability and regenerating 
properties. 
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EXPERIMENT 4 

[0082] The following Specimens G and H and the abovementioned Specimen I were prepared. 

45 G: fitter element shown in Fig. 3 with the reinlorcing members 2-2 provided at both ends so that it has the sectionaJ 

shape shown in Fig. 7 (Example of the invention) 

H: filter element of Fig. 3 but with no reinforcing members (Comparative Example) 

[0083] Tables 13 and 14 show more detailed data on these specimens and the reinforcing members 2-2 used in 
50 Specimen G. 

[0084] Each specimen was subjected to the same endurance test and regeneration test as in EXPERIMENT 1 . The 
test results are shown in Tables 15 and 16. 

[0085] The test results are exactly the same as the results in EXPERIMENT 1 , 2 and 3. As for the particulate trapping 
properties, no significant difference was observed among the specimens. 
55 [0086] As will be apparent from the above EXPERIMENTS, the concept of the present invention is applicable to any 
of the filter elements shown in Figs. 1 , 2 and 3. 

[0087] The filter element 31 shown in Fig. 1 3 is an improved version of the filter element shown in Fig. 2. The filter 
element 41 shown in Fig. 14 is an improvement of the filter element shown in Fig. 3. 
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[0088] These fitter elemenls 31 and 41 comprise a plurality of groups of concentrically arranged cylindrical filters, 
each group comprising several adjacent filters having the same thickness which is larger than the thicknesses of the 
smaller-diameter filters of the inner filter group. But it is more preferable that each cylindrical filter has a larger thickness 
than the inner, smaller-diameter filters. 

[0089] We will describe embodiments of the filter elements shown in Figs. 13 and 14 in more detail. 
EXPERIMENT 5 

[0090] The following three kinds of specimens were prepared. J: filter elements comprising 1 1 cylindrical fitters having 
different diameters and arranged concentrically with one another as shown in Fig. 13, the filters having thicknesses 
increasing outwardly in five stages. 

K: filter element comprising 11 concentrically arranged cylindrical filters having different diameters and the same 
thickness (Comparative Example) 

I: filter elements used in EXPERIMENTS 1-4 (Comparative Example) 

[0091] Table 17 shows detailed data on these specimens. Specimen I had a volume of 2.5 liters, which is the same 
volume as Specimens J and K. 

[0092] For filter element specimens J and K, we determined by calculation the exhaust gas pressures that caused 
buckling of these filter elements. The results are shown in Table 18. Fig. 15 shows the relationship between the max- 
imum stress applied to the cylindrical filter of each of Specimens J and K due to the initial exhaust pressure and the 
filter diameter. 

[0093] For Specimen K, the stress increased in proportion to the filter diameter. For Specimen J, the maximum 
stresses applied to the outer, thicker filters were suppressed. They are considered to have larger resistance to buckling. 
[0094] Particulate traps 1 0 formed by placing these specimens J. K and I in cases are mounted in the exhaust line 
of the device shown in Fig. 12 to check how the fitter elements were destroyed when high-temperature exhausts were 
passed for a long time. The results are shown in Table 1 9. 
[0095] Specimens J and I were not destroyed. Specimen K was destroyed. 

[0096] Next, we evaluated their durability during regeneration. After 1 5 g of particulates in diesel engine exhausts 
have been trapped, electric heaters provided so as to face all of the particulate trapping surfaces of the filters were 
tuned on to burn the trapped particulates, while keeping the engine idling to introduce exhaust gases at 600°C into the 
trap. This regeneration test was conducted five times for each specimen, and then they were checked how they were 
destroyed. The results are shown in Table 20. 

[0097] Specimens J and K were not destroyed, Specimen I suffered cracks. We also evaluated the particulate trap- 
ping capacity, and trapping properties such as increase in the pressure difference (pressure drop) due to trapping of 
particulates. But no significant difference in these properties was observed among these three specimens. 

EXPERIMENT 6 

[0098] The following Specimens L and M and the same Specimen I used in EXPERIMENT 5 were prepared. 

L: filter element comprising eight tapered cylindrical filters having different diameters and arranged alternately in 
opposite directions to each other as shown in Fig. 14, the filters having thicknesses increasing outwardly in three 
steps. 

M: filter element comprising eight tapered cylindrical fitters arranged in similar manner to Specimen L and having 
different diameters and the same thickness (Comparative Example) 

[0099] Table 21 shows more detailed data on each specimen. 

[0100] Table 22 shows the pressures at which Specimens Land M buckled. Fig. 16 shows the relationship between 
the maximum stress applied to each filter of the specimen due to the initial exhaust pressure and the filter diameter. 
Tables 23 and 24, respectively, show the results of an endurance test conducted in the same manner as in EXPERI- 
MENT 5, and an endurance test during regeneration conducted in the same manner as in Embodiment 1 , for Specimens 
L, M and I. 

[0101] The test results are the same as in EXPERIMENT 5. For particulate trapping properties, no significant differ- 
ence was observed among the specimens. 
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EXPERIMENT 7 

[0102] The following four kinds of specimens were prepared. 

5 N, O: filter elements as shown Fig. 1 with the reinforcing members 2-1 inserted in the exhaust gas incoming spaces 

4 as shown in Fig. 4 (Example of the invention) 

P: filter element as shown in Fig. 1 without reinforcing members (Comparative Example) 

I: honeycomb filter element considered to have a sufficient particulate trapping capacity (made of cordierite, by 

NIHON GAISHI, PHC-221) (Comparative Example). 

10 . 

[0103] Table 25 shows detailed data on these specimens. Specimen I has a volume of 2.5 liters, i.e. the same volume 
* as Specimens N, O and P. 

[0104] The reinforcing members used in Specimens N and O are formed by Ni-Cr-Al-alloying an Ni-based, three- 
dimensionally reticulated porous material (trade name: cermet #1) made by Sumitomo Electric Industries, Ltd. 

is [0105] The filter element 1 of Specimen N comprises a NOx catalyst -carrying layer (302 in Fig. 11), a particulate 
trapping layer (301 in Fig. 11), and a NOx catalyst-carrying layer (303 in Fig. 11). Each NOx catalyst layer comprises 
a substrate of Fe-Cr«AI unwoven metal fabric, a catalyst-carrying y-alumina coating provided on the unwoven metal 
fabric at the rate of 100 grams per liter of unwoven metal fabric, and Cu as a catalyst uniformly carried on the y-alumina 
coating at the rate of 1.0 gram per liter of unwoven metal fabric. 

20 [0106] The reinlorcing members (2-1 in Fig. 4) of Specimen O has a NOx catalyst-carrying y-alumina coaling on the 
cermet substrate at the rate of 100 grams per liter of cermet, and Cu as a catalyst uniformly carried on the y-alumina 
coating at the rate of 1.0 gram/liter. 

[0107] Each specimen was subjected to the same endurance test and regeneration test as in EXPERIMENT 1 . The 
test results are shown in Tables 27 and 28. There was no difference in the particulate trapping properties among the 
25 specimens. 

[0108] Specimens N and O achieved satisfactory results in all of the particulate trapping properties, durability and 
regenerating properties. 

[0109] For Specimens N and O, we evaluated their NO purifying rates. 

[0110] In this test, C 2 H 4 was introduced into exhausts as a reducing agent. The contents of the exhausts are shown 
30 , in Table 29. 

[0111] For each specimen, the NO concentration was measured for two minutes while keeping the exhaust temper- 
ature at 250°C. Table 30 shows the average NO concentration. 

[0112] From these tables, it is apparent that the NO concentration decreased to half by passing exhausts through 
Specimen N or O. 

3S [0113] From these experiment results, it is apparent that only the Specimens N and O according to the present 
invention can achieve satisfactory results in all of the particulate trapping properties, durability and regenerating prop- 
erties. Moreover, these specimens can reduce the NO content in exhausts, so that there is no need to provide a catalytic 
converter. Thus, by using the particulate trap according to the present invention, it is possible to reduce the installation 
space and the manufacturing cost of the diesel exhaust after-treatment device. 

40 

EXPERIMENTS 

[0114] The following four kinds of specimens were prepared. 

45 q, r filter elements comprising, similar to the filter element of Fig. 2, concentrically arranged cylindrical filters 

having different diameters, with the reinforcing members 2-1 inserted in the exhaust gas outgoing spaces 4 and 
the reinforcing members 2-2 provided at both ends, so that the filter element has the same sectional shape shown 
in Fig. 6 (Example of the invention) 

S: filter element which is the same as Specimen Q and R except that it has no reinforcing members (Comparative 
so Example) 

I: honeycomb filter element considered to have a sufficient particulate trapping capacity (made of cordierite, by 
NIHON GAISHI, PHC-221) (Comparative Example). 

[0115] Table 31 shows detailed data on these specimens. Table 32 shows the details for the reinforcing members 
ss 2-1 , 2-2 used for Specimens Q and R. Specimen I has a volume of 2.5 liters, i.e. the same volume as Specimens Q, 
R and S. 

[0116] The filter element 11 of Specimen Q comprises an SOF catalyst-carrying layer (302 in Fig. 11), a particulate 
trapping layer (301 in Fig. 11), and another SOF catalyst-carrying layer (303 in Fig. 11). Each SOF catalyst layer 
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comprises a substrate of Fe-Cr-AI unwoven metal fabric, a catalyst-carrying y-alumina coating provided on the unwoven 
metal fabric at the rate of 150 grams per liter of unwoven metal fabric, and Rasa catalyst uniformly carried on the y- 
alumina coating at the rate of 1 .5 grams/liter. 

[0117] The reinforcing members (2-1 in Fig. 6) of Specimen R has an SOF catalyst-carrying y-alumina coating on 
the cermet substrate at the rate of 150 grams per liter of cermet, and Pt as a catalyst uniformly carried on they-alumina 
coating at the rate of 1.5 grams/liter. 

[0118] Each specimen was subjected to the same endurance test and regeneration test as in EXPERIMENT 1. The 
test results are shown in Tables 33 and 34. There was no difference in the particulate trapping properties among the 
three specimens. 

[0119] Specimens Q and R according to the invention achieved satisfactory results in all of the particulate trapping 
properties, durability and regenerating properties. 

[0120] For Specimens Q and R, we evaluated their SOF purifying rates. 

[0121] This test was conducted while keeping the exhaust gas temperature at 250 B C and 350°C. The test results 
are shown in Table 35. 

[0122] By passing exhausts through Specimens Q and R carrying Pt as a catalyst, the SOF concentration decreased 
by 40% or 50%. 

[0123] From these experiment results, it is apparent that only the Specimens Q and R according to the present 
invention can achieve satisfactory results in all of the particulate trapping properties, durability and rege rating proper- 
ties. Moreover, these specimens also can reduce the SOF content in exhausts, so that there is no need to provide a 
catalytic converter. Thus, by using the particulate trap according to the present invention, it is possible to reduce the 
installation space and the manufacturing cost of the diesel exhaust after-treatment device. 

EXPERIMENT g 

[0124] The following four kinds of specimens were prepared. 

T, U: filter elements comprising, similar to the filter element of Fig. 2. concentrically arranged cylindrical filters 
having different diameters, with the reinforcing members 2-3 and 2-1 inserted, respectively, in the exhaust incoming 
spaces 3 and exhaust outgoing spaces 4 and the reinforcing members 2-2 provided at both ends, so that the filter 
element has the same sectional shape shown in Fig. 8 (Example of the invention) 

V: filter element which is the same as Specimen T and U except that it has no reinforcing members (Comparative 
Example) 

I: honeycomb filter element considered to have a sufficient particulate trapping capacity (made of cordierite, by 
NIHON GAISHI, PHC-221) (Comparative Example). 

[0125] Table 36 shows detailed data on these specimens. Table 37 shows detailed data on the reinforcing members 
2-1 , 2-2 and 2-3 used in Specimens T and U. Specimen I has a volume of 2.5 liters, i.e. the same volume as Specimens 
T, U and V. 

[0126] The reinforcing members (2-1 and 2-3 in Fig. 8) of Specimen T has a NOx catalyst-carrying y-alumina coating 
on the cermet substrate at the rate of 100 grams per liter of cermet, and Cu as a catalyst uniformly carried on the y* 
alumina coating at the rate of 1 .0 grams/liter. 

[0127] The reinforcing members (2-1 and 2-3 in Fig. 8) of Specimen U has an SOF catalyst-carrying y-alumina coating 
on the unwoven metal fabric substrate at the rate of 1 50 grams per liter of unwoven fabric, and Pt as a catalyst uniformly 
carried on the -^alumina coating at the rate of 1 .5 grams/liter. 

[0128] Each specimen was subjected to the same endurance test and regeneration test as in EXPERIMENT 1 . The 
test results are shown in Tables 38 and 39. There was no difference in the particulate trapping properties among the 
three specimens. 

[0129] Specimens T and U according to the invention achieved satisfactory results in all of the particulate trapping 

properties, durability and regenerating properties. 

[0130] For Specimen T, its NO purifying rate was measured 

[0131] In this test, C 2 H 4 was introduced into exhaust gas as a reducing agent. The content of the exhaust gas is 
shown in Table 40. 

[0132] The NO concentration was measured for two minutes while keeping the exhaust temperature at 250°C. Table 
41 shows the average concentration. 

[0133] From these tables, it is apparent that the NO concentration decreased to half by passing exhausts through 
Specimen T 

[0134] For Specimen U, its SOF purifying rate was measured. 

[0135] This test was conducted while keeping the exhaust gas temperature at 250°C and 350°C. The test results 
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are shown in Table 42. 

[0136] By passing exhausts through Specimen U carrying Rasa catalyst, the SOF concentration decreased by 
40% or 50%. 

[0137] From these experiment results, it is apparent that only the Specimens T and U according to the present 
5 invention can achieve satisfactory results in all of the particulate trapping properties, durability and regerminative prop- 
erties. Moreover, these specimens can reduce the NOx content (Specimen T) or the SOF content (Specimen U) in 
exhausts, so that there is no need to provide a catalytic converter. Thus, by using the particulate trap according to the 
present invention, it is possible to reduce the installation space and the manufacturing cost ol the diesel exhaust after- 
" treatment device. 



[Table 1] 



20 





Filter element 


Filter area 


Material 


Material 


Thickness 


Packing density 


Specimen A 
(Invented) 


Unwoven metal 
fabrics (fiber 20|xm 
dta) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 


Specimen B 
(Invented) 


Unwoven metal 
fabrics (fiber 20\xxn 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 


Specimen I 
(Comparative) 


Cordierite 


MgOAI 2 0 3 -Si0 2 


0.5 mm 


50% 


2.3m 2 



25 



[Table 2] 







Material 


Material 


Packing density 


Heat resistance 


Strength 


30 


Reinforcing 
member of 
Specimen A 


cermet #1 


Ni-Cr-Al 


5% 


No deterioration 
when exposed to 
exhaust at 700°C 
for 100 hours 


No breakage under 
pressure of 0.3kg/ 
cm 2 by exhaust at 
700°C 



#1 I* model number, which Indicates that the number of celle le per unit length (1 Inch). 



35 

[Table 3] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 700°C) 


Specimen A 


No breakage after 1 50 hours 


Specimen B 


Breakage noticed after 1 20 hours 


Specimen C 


No breakage after 150 hours 



[Table 4] 



| Regeneration test result 


Specimen A (Invented) 


Not broken 


Specimen B (Comparative) 


Not broken 


Specimen I (Comparative) 


Crack formed 
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[Table 5] 







Filter element 


Filter area 


5 




Material 


Material 


Thickness 


Packing density 






Specimen C 
(Invented) 


Unwoven metal 
fabrics (fiber 20u.m 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 


10 


Specimen D 
(Comparative) 


Unwoven metal 
fabrics (fiber 20ujti 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m2 


IS 


Specimen 1 
(Comparative) 


Cordierite 


MgOAI 2 O a -Si0 2 


0.5 mm 


50% 


2.3m 2 



[Table 6] 







Material 


Material 


Packing density 


Heat resistance 


Strength 


20 


Reinforcing 
member 2-1 


wire gauge 


Fe-Cr-AI 


20% 


No deterioration 
when exposed to 
exhaust at 700° C 
for 100 hours 


No breakage under 
pressure of 0.3kg/ 
cm 2 by exhaust at 
700° C 


25 


Reinforcing 
member 2-2 


cermet 


Ni-Cr-AI 


5% 


No deterioration 
when exposed to 
exhaust at 700° C 
tor 100 hours 


No breakage under 
pressure of 0.3kg/ 
cm 2 by exhaust at 
700»C 



#2 is model number, which indicates thai the number of cells is 11 -17 per unit length (1 inch). 

30 



[Table 7] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 800°C) 


Specimen C 


No breakage after 120 hours 


Specimen D 


Breakage noticed after 100 hours 


Specimen 1 


No breakage after 120 hours 



[Table 8] 





Regeneration test result 


Specimen C (Invented) 


Not broken 


Specimen D (Comparative) 


Not broken 


Specimen I (Comparative) 


Crack formed 



[Table 9] 



so 



55 





Filter element 


Filter area 


Material 


Material 


Thickness 


Packing density 


Specimen E 
(Invented) 


Unwoven metal 
fabrics (fiber 20jj.m 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 
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[Table 9] (continued) 







Filter element 


Filter area 






Material 


Material 


Thickness 


Packing density 




5 


Specimen F 
(Comparative) 


Unwoven metal 
fabrics (fiber 20jim 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 ; 


10 


Specimen I 
(Comparative) 


Cordierite 


MgOA! 2 0 3 -Si0 2 


0.5 mm 


50% 


2.3m 2 



15 





[Table 101 






Material 


Material 


Packing density 


Heat resistance 


Strength 


Reinforcing 
member 2-1 


cermet #2 gauge 


Ni-Cr-AI 


5% 


No deterioration 
when exposed to 
exhaust at 700°C 
for 100 hours 


No breakage under 
pressure of 0.3kg/ 
cm 2 by exhaust at 
700°C 


Reinforcing 
member 2-2 


punching metal 


Fe-Cr-AI 


15% 


No deterioration 
when exposed to 
exhaust at 700*C 
for 100 hours 


No breakage under 
pressure of 0.3kg/ 
cm 2 by exhaust at 
700° C 



25 

[Table 11] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 800°C) 


Specimen E 


No breakage after 120 hours 


Specimen F 


Breakage noticed after 100 hours 


Specimen I 


No breakage after 120 hours 



35 [Table 12] 





Regeneration test result 


Specimen E (Invented) 


Not broken 


Specimen F (Comparative) 


Not broken 


Specimen I (Comparative) 


; Crack formed 



[Table 13] 



45 




Filter element 


Filter area 






Material 


Material 


Thickness 


Packing density 




50 


Specimen G 
(Invented) 


Unwoven metal 
fabrics (fiberdia40ujri 
at inlet 2041m at outlet) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 




Specimen H 
(Comparative) 


Unwoven metal 
fabrics (fiber dia 40>im 
at inlet 20um at outlet) 


Fe-Cr-AI 


0.5 mm 


20% 


1.1m 2 


55 


Specimen 1 
(Comparative) 


Cordierite 


MgO-Al 2 O a -Si0 2 


0.5 mm 


50% 


2.3m 2 
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[Table 1 4) 





Material 


Materia! 


Packing density 


Heat resistance 


Strength 


Reinforcing member 
of Specimen A 


cermet #1 


Ni-Cr-AI 


5% 


No deterioration 
when exposed to 
exhaust at 700°C for 
100 hours 


No breakage under 
pressure of 0.3 kg/cm 2 
by exhaust at 700° C 



[Table 15] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 700°C) 


Specimen G 


No breakage after 150 hours 


Specimen H 


Breakage noticed after 120 hours 


Specimen I 


No breakage after 150 hours 



[Table 16] 





Regeneration test result 


Specimen G (Invented) 


Not broken 


Specimen H (Comparative) 


Not broken 


Specimen I (Comparative) 


Crack formed 
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[Table 17] 



5 



15 



20 



30 



40 





Filter element 




Filter area 




Material 


Material 


Thickness 


Packing 


Filter element 












density ; 


used 




Specimen J 


Unwoven 


Fe-Cr-AI 


0.4 mm 


20 % 


cylindrical 10 


1.1m 2 ! 


metaJ fabrics 








and 15 mm 






(1) (fiber dia 








radius 






50jxmat inlet 














35um at 














outlet) 














Unwoven 


Fe-Cr-AI 


0.6 mm 


20% 


cvlindrical 20 






metal fabrics 








and 25 mm 




- 


(2) (fiber dia 








radius 






35 |im at inlet 














25jim at 














outlet) 














Unwoven 


Fe-Cr-AI 


0.8 mm 


20% 


cvlindrical 30 






metal fabrics 








and 35 mm 






(3) (fiber dia 








radius 






25 ujti at inlet 














20u/n at 














outlet) 














Unwoven 


Fe-Cr-AI 


1.0 mm 


20% 


f*vlinririeal 40 






metal fabrics 








and 45 mm 






(4) (fiber dia 








radius 






20 |im at inlet 














15u/n at 














outlet) 














Unwoven 


Fe-Cr-AI 


1.2 mm 


20% 


cvlindrical 50 55 

vy iiiivi ivwi ww|Ww 






metal fabrics 








anrl 60 mm 

ai ikJ uw 1 1 ii 1 1 






(5) (fiber dia 








radius 






15 urn at inlet 














10u4Ti at 














outlet) 












Specimen K 


Unwoven 


Fe-Cr-AI 


0.5 mm 


20% 


all filter 


1.1m 2 


(Comparative) 


metal fabrics 








elements 






(6) (fiber dia 














40 (xm at inlet 














30um at 














outlet) 












Specimen I 


Cordierite 


MgO-A^CV 


0.5 mm 


50% 


all filter 


2.3m 2 


(Comparative) 




SiQ 2 






elements 





[Table 18] 





Pressure at which buckling occured (in KPa) 


Specimen J 


200 


Specimen K (Comparative) 


40 



55 



15 
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[Table 19] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet; 800°C) 


Specimen J 


No breakage after 150 hours 


Specimen K 


Breakage noticed after 100 hours 


Specimen I 


No breakage after 150 hours 



10 



15 



[Table 20] 





Regeneration test result 


Specimen J 


Not broken 


Specimen K (Comparative) 


Not broken 


Specimen I (Comparative) J 


Crack formed 


[Table 


21] 









Filter element 


Filter area 






Material 


Material 


Thickness 


Packing 
density 


Filter element 
used 




25 
30 


Specimen L 


Unwoven 
metal fabrics 
(1) (fiber dia 
40jim at inlet 
30pjn at 
outlet) 


Fe-Cr-AI 


0.5 mm 


20% 


tapered 
elements 

1) OX 20mm 
radius 

2) 20x30mm 
radius 


1.2m2 


35 




Unwoven 
metal fabrics 
(2) (fiber dia 
20um at inlet 
15ujti at 
outlet) 


Fe-Cr-AI 


1.0 mm 


20% 


tapered 
elements 

1) 30X40mm 
radius 

2) 40X50mm 
radius 




40 












3)50X60mm 
radius 




45 




Unwoven 
metal fabrics 
(3) (fiber dia 
15um at inlet 
10ujn at 
outlet) 


Fe-Cr-AI 


1.5 mm 


20% 


tapered 
elements 

1) 60x70mm 
radius 

2) 70XB0mm 
radius 




50 












3)80X90mm 
radius 




55 


Specimen M 
(Comparative) 


Unwoven 
metal fabrics 
(1) (fiber dia 
40 jim at inlet 
20u/n at 
outlet) 


Fe-Cr-AI 


0.5 mm 


20% 


all filter 
elements 


1.1m 2 
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Filter element 


Filter area 


Material 


Material 


Thickness 


Packing 
density 


Filter element 
used 


Specimen I 
(Comparative) 


| Cordierite 


MgO-AlgOa- 
Si0 2 


0.5 mm 


50% 


all filter 
elements 


2.3m 2 



10 



15 





Pressure at which buckling occured (in KPa) 


Specimen L 


140 


Specimen M (Comparative) 


15 



20 



25 



30 



Specimen 


Results of endurance lest (Temperature of exhaust at trap inlet: 800°C) 


Specimen L 


No breakage after 1 20 hours 


Specimen M 


Breakage noticed after 100 hours 


Specimen I 


No breakage after 1 20 hours 



[Table 24] 

I Regeneration test result 



Specimen L 



Specimen M (Comparative) 



Not broken 



Specimen I (Comparative) 



Not broken 



Crack formed 



35 






[Table 25] 












Filter element 


Filter area 






Material 


Material 


Thickness 


Packing density 




40 


Specimen N 
(Invented) 


(1) Unwoven metal 
fabrics (fiber dia 
100um) +y- 
AI2O3+CU 


(1) Fe-Cr-AI+ r 
Al 2 0 3 +Cu 


1 .0 mm | 


20% 


1.3m 2 


45 




(2) Unwoven metal 
fabrics (fiber dia 
20ujti) 


(2) Fe-Cr-AI 








50 




(3) Unwoven metal 
fabrics (fiber dia 
100|im) +y- 
Al 2 0 3 +Cu 


(3) Fe-Cr-AI+ r 
Al 2 0 3 +Cu 










Specimen O 
(Invented) 


Unwoven metal 
fabrics (fiber dia 
20pjn) 


Fe-Cr-AI 


1.0 mm 


20% 


1.3m 2 


55 


Specimen P 
(Comparative) 


Unwoven metal 
fabrics (fiber dia 
20ujn) 


! Fe-Cr-AI 


1.0 mm 


20% 


1.3m 2 
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Fitter element 


Filter area 


Material 


Material 


Thickness 


Packing density 


Specimen ! 
(Comparative) 


Cordierite 


MgO-AI 2 O a -Si0 2 


1.0 mm 


50% 


2.3m2 



10 



15 



20 



25 



30 



35 



Fable 26] 





Material 


Material 


Packing density 


Heat resistance 


Strength 


Reinforcing 
member of 
Specimen N 


cermet #1 


Ni-Cr-AI 


5% 


No deterioration 
when exposed 
to exhaust at 
700'C fori 00 
hours 


No breakage 
under pressure 
of 0.3kg/cm 2 by 
exhaust at 700° C 


Reinforcing 
member of 
Specimen O 


cermet #1 


Ni-Cr-Ai +y- 
Al 2 0 3 +Cu 


5% 


No deterioration 
when exposed 
to exhaust at 
700°C for 100 
hours 


No breakage 
under pressure 
of 0.3kg/cm 2 by 
exhaust at700°C 



#1 is model number, which Indicates that the number of oells is $-11 per unit length (1 Inch). 



[Table 27] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 700°C) 


Specimen N 


No breakage after 1 50 hours 


Specimen O 


No breakage after 1 50 hours 


Specimen F 


Breakage noticed after 120 hours 


Specimen 1 


No breakage after 1 50 hours 



[Table 28] 



40 



45 



SO 



55 





Regeneration test result 


Specimen N 


Not broken 


Specimen O 


Not broken 


Specimen P 


Not broken 


Specimen I 


Crack formed 



[Table 29] 


Item 


| Condition 


NO concentration in exhausts 


1000 ppm 


C 2 H 4 concentration in exhausts 


250 ppm 


0 2 concentration in exhausts 


2% 


Exhaust temperature 


250 °C 
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[Table 30] 





NO concentration 


Specimen N 


500 ppm 


Specimen O 


500 ppm 



[Table 31} 



10 




Filter element 


Filter area 






Material 


Material 


Thickness 


Packing density 




15 


Specimen Q 
(Invented) 


(1 ) Unwoven metal 

1 00 jam) +7- 
AlgC^+Cu 


(1 ) Fe-Cr-AI+ r 


1.0 mm 


20% 


1.3m 2 


20 




(2) Unwoven metal 
fabrics (fiber dia 
20um) 


(2) Fe-Cr-AI 








25 




(3) Unwoven metal 
fabrics (fiber dia 
1 OOum) +y- 

AI 2 Og+CU 


(3) Fe-Cr-AI+ y- 
AfeCVPt 








Specimen R 
(Invented) 


Unwoven metal 
fabrics (fiber dia 
20um) 


Fe-Cr-AI 


1.0 mm 


20% 


1.3m 2 


30 


Specimen S 
(Comparative) 


Unwoven metal 
fabrics (fiber dia 
20ujti) 


Fe-Cr-AI 


1.0 mm 


20% 


1.3m 2 




Specimen I 
(Comparative) 


Cordierite 


MgO-AI 2 0 3 -Si0 2 


1.0 mm 


50% 


2.3m 2 



35 



[Table 32] 







Material 


Material 


Packing density 


Heat resistance 


Strength 


40 


Reinforcing 
member 2-1 of 
Specimen Q 


wire gauge 


Fe-Cr-AI 


20% 


No deterioration 
when exposed to 
exhaust at 
700°C for 100 
hours 


No breakage 
under pressure of 
0.3kg/cm 2 by 
exhaust at 700 9 C 


45 


Reinforcing 
member 2-2 of 
Specimen Q 


cermet #2 


Ni-Cr-AI 


5% 


No deterioration 
when exposed to 
exhaust at 
700°C for 100 
hours 


No breakage 
under pressure of 
0.3kg/cm 2 by 
exhaust at 700°C 


50 
55 


Reinforcing 
member 2-1 of 
Specimen R 


wire gauge 


Fe-Cr-AI 


20% 


No deterioration 
when exposed to 
exhaust at 
700°C for 100 
hours 


No breakage 
under pressure of 
0.3kg/cm 2 by 
exhaust at 700° C 



#2 is model number, which indicates that the number of oelte ia 11 -17 per unit length (1 inch). 
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[Table 32] 


(continued) 




Material 


Material 


Packing density 


Heat resistance 


Strength 


Reinforcing 
member 2-2 of 
Specimen R 


cermet #2 


Ni-Cr-AI +y- 
Al 2 0 3 +Pt 


5% 


No deterioration 
when exposed to 
exhaust at 
700°Cfor 100 
hours 


No breakage 
under pressure of 
0.3kg/cm 2 by 
exhaust at 700*C 



#2 is model number, which indicates that the number of cells is 11-17 per unit length (1 inch). 



[Table 33] 



Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 800°C) 


Specimen Q 


No breakage after 1 50 hours 


Specimen R 


No breakage after 150 hours 


Specimen S 


Breakage noticed after 120 hours 


Specimen 1 


No breakage after 1 50 hours 



[Table 34] 





Regeneration test result 


Specimen Q 


Not broken 


Specimen R | 


Not broken 


Specimen S 


Not broken 


Specimen I 


Crack formed 



[Table 35] 





SOF removing rate (%) 




Exhaust temperature 250* C 


Exhaust temperature 350° C 


Specimen Q 


40 


50 


Specimen R 


40 


50 


[Table 36] 





I Filter element 


Filter area 


I Material 


Material 


Thickness 


Packing density 


Specimen T 
(Invented) 


Unwoven metal 
fabrics (fiber 20uxn 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m2 


Specimen U 
(Invented) 


Unwoven metal 
fabrics (fiber 20jam 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m* 


Specimen V 
(Comparative) I 


Unwoven metal 
fabrics (fiber 2Qyim 
dia) 


Fe-Cr-AI 


0.5 mm 


20% 


1.3m 2 


Specimen I 
(Comparative) 


Cordierrte 


MgO-AI 2 0 3 -Si0 2 


0.5 mm 


50% 


2.3m 2 
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[Table 37] 







Material 


Material 


Packing density 


Heat resistance 


Strength 


5 


Reinforcing 
member 2- 1,2-3 
of Specimen T 


cermet W2 - 


Fe-Cr-AI +y- 
AI2O3 +Cu 


5% 


No deterioration 
when exposed 
to exhaust at 
700°Cfor 100 


No breakage 
under pressure of 
0.3kg/cm2 by 
exhaust at 700°C 


• 










hours 




10 


-^Reinforcing 
member 2-1, 2-3 
of Specimen U 


cermet 92 


Ni-Cr-AI +r 
AJ 2 0 3 +R 


5% 


No deterioration 
when exposed 
to exhaust at 
700°C for 100 
hours 


No breakage 
under pressure of 
0.3kg/cm 2 by 
exhaust at 700°C 



#2 is model number, which indicates that the number of oelte '» 11-17 per una length (1 inch). 



[Table 38] 
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Specimen 


Results of endurance test (Temperature of exhaust at trap inlet: 700°C) 


Specimen T 


No breakage after 1 50 hours 


Specimen U 


No breakage after 150 hours 


Specimen V 


Breakage noticed after 120 hours 


Specimen I 


No breakage after 150 hours 



[Table 39] 



40 



45 



50 



30 


I Regeneration test result 




Specimen T 


j Not broken 




Specimen U 


] Not broken 


35 


Specimen V 


I Not broken 


Specimen I 


I Crack formed 






[Table 40] 



Item 


Condition 


NO concentration in exhausts 


1000 ppm 


C 2 H 4 concentration in exhausts 


250 ppm 


0 2 concentration in exhausts 


2% 


Exhaust temperature 


250 °C 


[Table 41] 



Specimen T 



NO concentration 
500 ppm 



55 
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Fable 42] 





SOF removing rate (%) 


Exhaust temperature 250°C 


Exhaust temperature 350° C 


Specimen U 


40 


50 



Claims 

1. A particulate trap for use in adiesel engine including a fitter element (1, 11, 21) comprising a plurality of filters (5, 
8, 9) made of unwoven fabrics of metal fibers, said filters defining alternating, longitudinally extending exhausts 
incoming spaces (3) and exhaust outgoing spaces (4) between said adjacent filters (5, 8, 9), said exhaust incoming 
spaces (3) having their outlet ends closed, said exhaust outgoing spaces (4) having their inlet ends closed, said 
filter element (1, 11, 21) being mounted in a container provided in an exhaust line of adiesel engine, 
characterized in that 

filter reinforcing members (2-1, 2-2) permeable to exhaust gases are provided in said exhaust outgoing spaces 
(4), at both ends of said filters, or both in said exhaust outgoing spaces (4) and at both ends of said filters, wherein 
the reinforcing members (2-1 ) provided in said exhaust outgoing spaces (4) occupy the entire exhaust outgoing 
spaces (4). 

2. A particulate trap for a diesel engine as claimed in claim 1 wherein filter reinforcing members (2-3) permeable to 
exhaust gases are provided in said exhaust incoming spaces (3). 

3. A particulate trap for a diesel engine as claimed in claim 2 wherein said reinforcing members (2-3) provided in said 
exhaust incoming spaces (3) occupy the entire area of said exhaust incoming spaces (3). 

4. A particulate trap for a diesel engine as claimed in claim 1 wherein said reinforcing members (2-2) provided at 
both ends of said filters (5, 8, 9) have protrusions and recesses kept in engagement with both ends of said filters. 

5. A particulate trap for a diesel engine as claimed in any of claims 1-4 wherein said reinforcing members (2-1 , 2-2, 
2-3) have a material filling rate of 30% or less and is made of a heat-resistant metal in the form of a three-dimen- 
sionally reticulated porous member, wire gauze, metal fiber unwoven fabric, corrugated sheet or punching metal. 

6. A particulate trap as claimed in any of claims 1 -5 wherein said each filter (5, 8, 9) is made of at least two different 
kinds of filter materials having different pore diameters, the filter material having a larger pore diameter being 
provided nearer to the exhaust inlet side. 

7. A particulate trap for diesel engine use as claimed in any of claims 1 -6 wherein exhaust inlets and outlets defined 
between said filters have a width not exceeding 10mm. 

8. A particulate trap for a diesel engine as claimed in any of claims 1 -7 wherein a catalyst is carried on one or either 
side of said each filter of said filter element. 

9. A particulate trap for a diesel engine as claimed in any of claims 1 -8 wherein said each filter of said filter element 
is provided on one or either side thereof with a three -dim ensionally reticulated porous member made of a heat- 
resistant metal and having continuous holes, said three-dimensionally reticulated porous member carrying a cat- 
alyst. 

10. A particulate trap for a diesel engine as claimed in any of claims 1-9 wherein alumina whiskers are grown on said 
filters of said filter element. 



Patentanspruch© 

1. Partikelfilterzur Verwendung in einem Dieselmotor mit einem Filterelement (1 , 11,21), das eine Vlelzahl von Filtern 
(5, 8, 9) aufweist, die aus nicht verwobenem Stoff aus Metal If as em bestehen. wobei die Filter sich abwechselnde, 
in Langsrichtung erstreckende Abgaseintrittsraume (3) und Abgasaustrittsraume (4) zwischen den benachbarten 
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Fittern (5, 8, 9) definieren, wobei die Auslassenden der Abgaseintrittsraunne (3) verschlossen sind, wobei die Eirv 
iassenden der Abgasaustrittsraume (4) verschlossen sind, und wobei das Filterelement (1, 11, 21) in einem Be- 
halter angeordnet ist, der in einer Abgasleitung eines Dieselmotors vorgesehen ist, 
dadurch gekennzeichnet, dass 

5 Filterverstarkungselemente (2-1 , 2-2), die fur Abgase durchlassig sind, in den Abgasaustrittsraumen (4) vorgese- 

hen sind, an beiden Enden der Fitter, oder sowohl in den Abgasaustrittsraumen (4) und an beiden Enden der Filter, 
wobei die Verstarkungselemente (2-1), die in den Abgasaustrittsraumen (4) vorgesehen sind, die gesamten Ab- 
gasaustrlttsraume (4) einnehmea 

10 ^. Partikelfilter fOr einen Dieselmotor nach Anspruch 1, bei dem Filterverstarkungselemente (2-3), die fur Abgase 
durchlassig sind, in den Abgaseintrittsraumen (3) vorgesehen sind. 

3. Partikelfitter fur einen Dieselmotor nach Anspruch 2, bei dem die Verstarkungselemente (2-3), die in den Abgas- 
eintrittsraumen (3) vorgesehen sind, den gesamten Bereich der Abgaseintrittsraunne (3) einnehmen. 

15 

4. Partikelfitter fur einen Dieselmotor nach Anspruch 1, bei dem die Verstarkungselemente (2-2), die an beiden Enden 
der Filter (5, 8, 9) vorgesehen sind, vbrsprunge und Ausnehmungen aufweisen, die mit beiden Enden der Fitter 
in Eingriff gehalten werden. 

20 s. Partikelfitter fur einen Dieselmotor nach einem der Anspruche 1-4, bei dem die Verstarkungselemente (2-1, 2-2, 
2-3) eine Materialf ullrate von 30% oder weniger aufweisen und aus einem warmebestandigen Metall in Form eines 
dreidimensionalen, netzformigen, porosen Elements, eines Drahtgewebes, eines nicht verwobenen Metallfaser- 
stoffs, Wellblech oder Stanzmetall besteht. 

25 6. Partikelfitter nach einem der Anspruche 1-5, bei dem jeder Filter (5. 8. 9) aus mindestens zwei unterschied lichen 
Arten von Fittermaterialien mit unterschiedlichen Porendurchmessern besteht, wobei das Filtermaterial mit gro- 
Gerem Porendurchmesser naher an der Abgaseinlassseite vorgesehen ist. 

7. Partikelfitter zur Verwendung in einem Dieselmotor nach einem der Anspruche 1-6, bei dem die Abgaseinlasse 
30 und -auslasse, die zwischen den Fittern definiert werden, nicht breiter sind als 10mm. 

8. Partikelfitter fOr einen Dieselmotor nach einem der Anspruche 1 -7, bei dem auf einer oder auf beiden Seiten jedes 
Fitters des Firtereiements ein Katalysator sitzt. 

35 9. Partikelfitter fOr einen Dieselmotor nach einem der Anspruche 1 -8, bei dem jeder Filter des Filterelements auf einer 
oder auf beiden Seiten mit einem dreidimensionalen, netzformigen, porosen Element versehen ist, das aus einem 
warmebestandigen Metall besteht und zusammenhangende Locher aufweist, wobei das dreidimensionale, netz- 
formige, porose Element einen Katalysator tragt. 

ao 10. Partikelfitter fur einen Dieselmotor nach einem der Anspruche 1-9, bei dem bewirkt wird, dass auf den Filterndes 
Filterelements Aluminiumoxid-Whisker wachsen. 



R e vend Icat ions 

45 

1. Piege a particules pour une utilisation dans un moteur diesel, comprenant un element de filtration (1. 11, 21) 
comportant une pluraltte de fittres (5, 8, 9) realises en une structure non tissee de fibres metalliques, lesdits filtres 
delimitant des espaces (3) alternes d'entree pour I'echappement, s'etendant longttudinalement, et des espaces 
(4) de sortie pour I'echappement situ§s entre lesdits filtres adjacents (5, 8, 9), lesdits espaces (3) d'entree pour 

so i'echappement ayant leurs extremites de sortie f ermees, lesdits espaces (4) de sortie pour I'echappement ayant 

leurs extremites d'entree fermees, ledrt element de filtration (1,11,21) etant monte dans un recipient dispose sur 
la ligne d'echappement d'un moteur diesel, 

caracterise en ce que des elements (2 - 1, 2 - 2) de renforcement des fittres, permeables aux gaz d'echap- 
pement, sont disposes dans les espaces (4) de sortie pour I'echappement, a chaque extremity desdits filtres ou 

ss & la fois dans les espaces (4) de sortie pour I'echappement et a chaque extremite desdits filtres, dans lequel les 

elements de renforcement (2 - 1 ) disposes dans les espaces (4) de sortie pour I'echappement occupent entierement 
les espaces (4) de sortie pour I'echappement. 
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2. Piege a particules pour moteur diesel selon la revendication 1, dans lequel des Elements (2 - 3) de renforcement 
des filtres, permeables aux gaz d'echappement, sont disposes dans tes espaces (3) d'entree pour Techappsmant. 

3. Piege a particules pour moteur diesel selon la revendication 2, dans lequel lesdits elements (2 - 3) de renforcement 
disposes dans lesdits espaces (3) d'entree pour Pechappement occupent le volume entier des dits espaces (3) 
d'entree pour I'echappement. 

4. Piege a particules pour moteur diesel selon la revendication 1, dans lequel les dits elements de renforcement (2 
- 2) disposes a chaque extreVnite desdits filtres (5, 8, 9) comportent des parties en saiilie et des parties en creux 
en prise avec les deux extr6mit6s des dits filtres. 

5. Piege a particules pour moteur diesel selon I'une quelconque des revendications 1 a 4, dans lequel lesdits 6ISments-~ 
de renforcement (2 -1 , 2 - 2, 2 - 3) comportent un taux de remplissage en matiere de 30% ou moins et sont realises 
en un m^tal resistant a la chaleur sous ia forme d'un element poreux reticule" dans les trois dimensions, un tamis 
en cables, une structure non tissee en fibres m6talliques, une feu i He ondul6e et/ou un m6tal pour estampage. 

6. Piege a particules pour moteur diesel selon Tune quelconque des revendications 1 a 5, dans lequel chacun desdits 
filtres (5, 8, 9) est realise en au moins deux differentes sortes de materiaux filtrants comportant des pores de 
diametres differents, le materiau tilt rant comportant les pores de diametre les plus grands etant dispose plus pres 
du c6t6 de I'entrSe de I'echappement. 

7. Piege a particules pour moteur diesel selon Tune quelconque des revendications 1 a 6, dans lequel les entries et 
les sorties d'6chappement delimitees entre lesdits filtres pnlsentent une largeurqui n'excede pas 10 mm. 

8. Piege a particules pour moteur diesel selon Tune quelconque des revendications 1 a 7, dans lequel un catalyseur 
est ports par une ou chaque face de chaque filtre dudit Element de filtration. 

9. Piege a particules pour moteur diesel selon Tune quelconque des revendications 1 a 8, dans lequel chaque filtre 
dudit element de filtration est muni sur une ou chacune de ses faces d'un element poreux r6ticu!6 dans les trois 
dimensions, r6aJis6 en un m6tal resistant a la chaleur et comportant des trous continus, ledit 6l6ment poreux 
reticule dans les trois dimensions portant un catalyseur. 

10. Piege a particules pour moteur diesel selon I'une quelconque des revendications 1 a 9, dans lequel des barbes 
d'aluminium sont formers sur lesdits filtres dudit element de filtration. 
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FIG. 1A 
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FIG. 14 A 
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